ABSTRACT
INTRODUCTION
Primary immunodeficiency diseases comprise a group of rare, heterogeneous, genetically diverse disorders that affect specific components of immune systems and eventually result in defective differentiation, function, or both of these components [1] .
With the extensive molecular and genetic research trying to determine the underlying defects in the various types of PID, the diagnostic criteria and the classification systems have been undergoing regular revisions and updates to meet the increasing list of new diseases [2, 3] . However, many types of PID still do not follow a single pattern of inheritance although they are obviously influenced by genetic factors [4] .
In a particular community, consanguinity does not increase rate of autosomal recessive disorders only, but also multifactorial diseases [5] . Since many communities of Middle East region, including Qatar, share similar social, cultural, and religious ties that govern marriage habits, consanguinity is quite common in [5] [6] [7] [8] , and it has been shown that it increases the risk of genetic disorders [5] .
During the last few years, reports from communities with high rates of consanguinity indicate high rate of PID in the following communities: Saudi Arabia [9] , Egypt [10] , Iran [11] , Kuwait [12] , Morocco [13] , Oman [14] , Tunisia [13] , Turkey [15] . With the high consanguinity rate in the Qatari population, genetic disorders and congenital birth defects were found to be relatively high for the population size of the country [5] .
OBJECTIVES
In this study our objectives were 1) to determine the overall rate and the most common type consanguinity among children diagnosed (0 -14 years) with PID in Qatar, 2) to determine the rate of family history of PID among these children, 3) to explore the possible effect of consanguinity or family history on the delay age (time between the age of onset of symptoms and the age of diagnosis) of PID in these children.
METHODS AND PATIENTS
All children who were diagnosed (by M.E.) with PIDs at Section of Pediatric Allergy-Immunology at Hamad General Hospital between 1998 and 2012 are included in this retrospective study.
Each patient's record was reviewed and information was collected on a specially prepared standard data collection form, including information such demographic data (age, sex, nationality, etc.), PID diagnosis (clinical diagnosis, onset age and diagnosis age), clinical manifestations (clinical conditions, treatment, and outcome), and laboratory investigations (including blood counts, immunological, microbial workup, and radiological procedures and genetic tests, etc. 
STATISTICAL ANALAYSIS
Using the Statistical Packages for Social Sciences (SPSS, Window version No.19), data was coded and entered into and processed on an IBM-PC compatible computer. Frequency distributions, one and two-way tabulations were obtained. Student-t test was used to ascertain the significance of differences between mean values of two continuous variables and confirmed by non-parametric Mann-Whitney test. Chi-square analysis was performed to test for differences in proportions of categorical variables between two or more groups. Pearson's correlation test was used to calculate correlation coefficient. In 2 × 2 tables, the Fisher's exact test (two-tailed) replaced the Chi-square test if the assumptions underlying Chi-square violated namely in case of small sample size and where the expected frequency is less than 5 in any of the cells. The level p < 0.05 was considered as the cut-off value for significance.
RESULTS

Patients' Characteristics
A total of 131 patients (0 -14 years) with PID belonging to 82 families are presented in this study, Table 1 . They are 75 (57.3%) males and 56 (42.7%) females with male-to-female ratio of 1.34:1. The overall mean age was 69.9 ± 47.0 months with no significant difference between mean age of males and that of females (p = 0.344). Predominantly antibody immunodeficiencies (ID) was the most common phenotype (23.7%), followed by other well-defined ID syndromes (22.9%,), combined T and B cell ID (19.1%), congenital defects of phagocyte number, function, or both (19.1%), diseases of immune dysregulation (12.2%), and defects of innate immunity (3.1%). Complement deficiencies were not identified in our patients in spite of the routine testing for complement deficiencies in patients referred to our pediatric allergy immunology services.
The overall mean onset age was 24.01 months (0 -137 months), the age of diagnosis was 42.2 months (0 -138 months), and the delay age was 18.7 months (0 -139 months). However, there was a marked variation in these ages between the categories of PID categories (Figure 1) . The combined T and B cell ID phenotype presented with the earliest onset age and the least delay age, while other well-defined ID syndromes presented with the latest onset age and the largest delay age (Figure 1 ).
Family History and PID
Overall, a positive family history of PID was observed in 87 patients (66.4%), with the highest frequency among diseases of immune dysregulation (16 patients, 100%) and phagocyte defects (23 patients, 92%), but lowest among the predominantly antibody ID (12 patients, 38.7%) category, Table 1 . In families with positive family history of PID, the number of affected childen (mean ± SD) per family was 2.22 ± 1.31.
In our patients, family history of PID showed no significant association with male-to-female ratio (p = 0.897). When compared to negative family history of PID, the overall positive family history significantly (p = 0.004) reduced the delay age of PID diagnosis by 52.9% (10.4 ± 2.2 months vs. 22.1 ± 3.7 months), Table 2 . However, there was no significant difference between delay ages with positive family history compared with those with negative family history at the level of each PID category, Figure 1 . Onset age, diagnosis age and delay age for each categories of PID.
Consanguinity and PID
In this study, of the 82 families a total 127 patients (96.4%) belonging to of 79 families (96.3%) came from socially consanguinity-permissible culture, and 3 families (3.7%) are consanguinity-impermissible. Since the latter number is quite small, the analysis of consanguinity was done on the 82 families.
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The rate of consanguineous marriages was 61.1% with marked variation among the different ID categories, ranging from 32.3% in the predominantly antibody ID to 96% in the phagocyte defects group, Table 3 .
Generally, the rate of consanguinity among our patients was significantly higher than the non-consanguinity rate (61.1% vs. 38.9%, p = 0.0117). Compared to other types of consanguineous marriages, paternal parallel cousin types revealed the highest rate of 57.5%, Table 2 . The consanguinity rate showed no significant association with male-to-female ratio among our PID patients (p = 0.258).
DISCUSSION
In this study, the predominantly antibody deficiency was the most common group of PID (23.7%), followed by other well-defined ID syndromes (22.9%). This trend was also reported in other studies from Kuwait [16] , outh Africa [17] and India [18] . In renowned PID regis-S ies, predominantly antibody deficiency category was
Unlike previous a report [12] , our study showed that positive family history of PID has a significant (p < PI tr observed to be the most common PID diseases in the CEREDIH report (43%) [19] , ESID Registry data report (55.49%) [20] . Since many diseases of the predmoniantly antibody deficencies and other well-defined ID syndromes are autosomal recesive and they constitues together almost half of our cohort, male-to-female ratio (1.34:1) is not high in in this study. Compared to reports from other Middle East countries, the mean delay age in making diagnosis of PID in our group (18 months) was less than that reported from Egypt (29.9 months) [10] and Kuwait (27.3 months) [12] , but longer than that from Oman (15.4 months) [14] and Turkey (8 months) [15] .
Positive family history is considered one of the main warning signs of PID among children by JMF [21] . We observed positive family history in 66.4% of our patients. This rate is higher than that reported by Reda, et [14] , Azarsis from Turkey (43.5%) [15] and Al-Herz et al. from Kuwait (44%) [16] . 0.004) effect on reducing the delay age of diagnosis of D among children. Data compiled from various reports from Middle East countries particularly Egypt [10] , Kuwait [12] , Oman [14] and Turkey [15] clearly revealed an inverse relationship (correlation coefficient −0.44) between rate of family history of PID and delay in making diagnosis of PID, Figure 2 . This is important since early diagnosis and institution of appropriate management reduce mortality and morbidity of PID. Conversely, delayed diagnosis results in significant infections including sinusitis, pneumonia, and sepsis and a high risk of deaths [24, 25] .
Consanguinity with its adverse genetic effects on diseases among populations of different Middle East countries (where consanguinity is quite common) have been the focus of many studies [5] [6] [7] [8] . Since PID is a heterogeneous group of disorders [1] , the relationship of consanguinity and PID has explored in different studies and reviews [10] [11] [12] [13] [14] [15] .
In our cohort, the overall consanguinity was high (61.1%), similar to that reported from Egypt (62.5%) [10] , Iran (65.6%) [11] , Turkey (73.9%) [15] , Kuwait (75%) [12] and Oman (81%). [14] . It varied according to type of ntibody deficiency and highest (96%) in phagocyte der than th gher than that from Iran, (42.7%, n = 220 of 515 pa this discrepancy is that in Arab countries, includ g Gulf n pattern of first cousin marriages is the paternal parallel cousins (in ertiary care m y general pol cousins marriages are the guinity.
PID category: lowest (32.3%) in predominantly states Qatar and Kuwait, the most commo a fects. The trend of high consanguinity rate in phagocyte defects was also noticed in reports from Iran (75.5%) [11] , Egypt (87.5%) [10] and Kuwait (100%) [12] .
Various reports from Middle East countries, including Qatar, on consanguinity in PID indicate that the rate of consanguinity in cases of PID is 1.5 -2 folds highe at among the healthy general population. In Qatar, we observed 61.1% compared to 51% in general population [26] , 81% in Oman compared to 52% in general population [8] , 75% in Kuwait compared to 42.1% in general population [27] , 73.9% in Turkey compared to 22% in general population [28] and 65.5% in Iran compared to general population [11] . However, we could not observe any significant association between consanguinity and positive family history of PID or with delay age of diagnosis.
In our cohort, we found that first-degree cousins constituted 87.5% of the all consanguineous unions. This rate is hi tients) [11] , Turkey (64.7%) [15] or Kuwait (49.2%) [12] . Among the various types of consanguineous unions, our study showed that paternal parallel first cousins ranked the highest (57.5%), a result similar to that reported from Kuwait [12] . Unlike our results, Rezaei, et al. [11] reported that cross-cousins consanguineous unions were the commonest among first degree marriages (43.6%, 96 of 220 cases). The possible explanation to Qatar it constitutes 17.6% of all marriages [26]), a type of marriage that is not favored in Iran [11] . in Limitations of this study are being a retrospective and from single center. Like many countries in the world that have no national PID registry or affiliation with international PID registries, data is generated in a way similar to this current study. However, this report being generated from Hamad General Hospital, the only t edical center in Qatar, where all PID patients managed at equal opportunity and receive medical care at no cost or very nominal charges to patients or families, gives a strength to this report due to standardization and consistency in management of these PID patients.
CONCLUSIONS
This present study indicates that family history is quite common in children with PID and helpful in reducing their delay age. Consanguinity among families of affected children is also high (higher than health pulation). Paternal paralle commonest type of consan For a practicing physician, family history is a simple and useful tool when suspecting PID in children. Primary prevention of PID in Middle East communities should consider reduction in consanguinity through public awareness and education and premarital counseling programs.
